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行评估。传统的 HEV 中和检测方法有 real-time PCR 以及免疫荧光斑点计数









结果波动大，本研究中我们首次利用复制率较高的 HEV 基因 3 型 Kernow 病毒
建立了中和模型。Kernow 中和模型评估的结果显示与类病毒颗粒模型具有较好






















部分是 IgM。此外，对于 IgG 水平相当的疫苗免疫血清和病毒感染血清，病毒
感染血清的中和抗体所占比例比疫苗免疫血清更高，也就是说，病毒感染相对
于疫苗免疫的方式会激发机体更有效地产生中和抗体。 
我们在评估 HEV 特异性抗体对于 Kernow 病毒的中和实验中，意外地发现





























Hepatitis E (HE) is a viral hepatitis caused by hepatitis E virus (HEV). In recent 
years, HEV has gradually became one of the most important causes of acute viral 
hepatitis in the world. Pregnant women and the elderly are the main high-risk groups. 
The mortality rate ranges from 0.2% to 4% among the hepatitis E cases. However, 
pregnant women with HEV infection may have a case-fatality rate of 10–25%. HEV is 
a non-enveloped virus with a single-stranded RNA genome. The 7.2-kb viral genome 
contains three open reading frames (ORFs), of which ORF2 exclusively encodes a 
major viral capsid protein 660 amino acids in length that is responsible for virion 
assembly and attachment to host cells. p239 which is expressed from a.a. 368–606 of 
HEV pORF2 can self-assemble into virus-like particles (VLP). p239 presents the 
immune-dominant neutralization epitopes as native HEV particles and can be used for 
HEV early entry study. 
A method for evaluating neutralization is needed to assess an effective immune 
response of host against the virus after HEV infection. The traditional methods for 
evaluating neutralizing antibody titres against HEV are real-time PCR and the 
immunofluorescence foci assay (IFA). The neutralizing assay based on real-time PCR 
calculates the quantities of virus by detecting RNA, which are highly sensitive but 
operationally complicated and poorly repeatable. IFA ensures that neutralization post-
attachment can be tested. However, it is time-consuming and lack of viral source. In 
this study, we developed a novel high-throughput neutralizing assay based on biotin-
conjugated p239 and staining with allophycocyanin-conjugated streptavidin 
(streptavidin APC) using flow cytometry. Using this method, we quantitatively 
evaluated the neutralization of HEV-specific antibodies and sera.  
The neutralization assay based on p239 was used to evaluate adsorption blocking. 
However, neutralization post-attachment can’t be tested. Therefore, a neutralization 
model based on HEV was established to evaluate neutralization of antibodies against 
viral adsorption, entry and replication. Tradition IFA neutralizing assay was insensitive 
because of inefficient replication of virus, resulting in fluctuation of the assays. We 
firstly took advantage of highly replicated HEV genotype 3 Kernow to establish a novel 
neutralizing assay. A linear regression analysis indicated that there was a high degree 

















also proved that the major neutralizing antibodies present in sera recognized 
determinants on p239. Therefore, we were able to quantitatively evaluate the 
neutralization of HEV antibodies and sera using the VLP neutralization model.  
The anti-HEV IgG level had good concordance with the neutralizing titres of 
macaque sera using VLP neutralizing model. It indicated that IgG represented the major 
neutralizing antibodies in sera. However, the neutralization titres of the sera were also 
influenced by anti-HEV IgM responses. Further analysis also indicated that, the 
proportions of neutralizing antibodies in the infected macaques’ sera were higher than 
in the vaccinated macaques with the same anti-HEV IgG levels. Thus, the infection 
more efficiently stimulated neutralizing antibody responses.  
While evaluating the neutralization of HEV-specific antibodies against Kernow, 
we found that Kernow couldn’t be neutralized with 8G12. It was caused by virus 
mutation at the site of 554. Furthermore, virus could escape from recognizing of 
immune system via virus mutation of this site, which might be risk in the population. 
In conclusion, a novel, high-throughput neutralizing assay based on VLP was 
developed in this study. Using this method, we could evaluate neutralization of HEV-
specific antibodies and sera, which provided a new detection method for HEV diagnosis. 
However, it could only test adsorption blocking of antibodies. IFA based on Kernow 
was used to ensure that neutralization post-attachment could be tested. But it was not 
adapted to high-throughput experiment for time-consuming and low virus production. 
These two neutralization assays have complementary advantages and will be useful in 
HEV research.  
 

























ELISA：Enzyme-linked immunosorbant assay，酶联免疫吸附测定 
ET-NANBH ：Enterically transmitted non-A non-B hepatitis，肠道非甲非乙肝炎 
FBS：Fetal bovine serum，胎牛血清 
FCM：Flow cytometry，流式细胞仪 
FITC：Fluorescein isothiocyanate，异硫氰酸荧光素 
GAM-HRP：HRP-labelled goat anti mouse secondary antibody conjugate，标记有辣
根过氧化物酶的羊抗鼠抗体 
HAV：Hepatitis A virus, 甲型肝炎病毒 
HE：Hepatitis E，戊型肝炎 
HEV：Hepatitis E virus，戊型肝炎病毒 
HPLC：High performance liquid chromatography，高效液相色谱 
HRP：Horseradish peroxidase，辣根过氧化物酶 
IgG：Immunoglobulin G，免疫球蛋白 G 
IgM：Immunoglobulin M，免疫球蛋白M 
Kan：Kanamycin，卡那霉素 
kb：Kilo base pair，千碱基对 
kD：Kilo daltons，千道尔顿 
mAb：Monoclonal antibody，单克隆抗体 
mRNA：Messenger ribonucleic acid，信使核糖核酸 
OD： Optical densities，光密度 


















PBST：PBS+0.5% (wt/vol) Tween 20，洗涤液 
PCR：Polymerase chain reaction，聚合酶链式反应 
RdRP ：RNA-dependent RNA polymerase，RNA依赖的 RNA聚合酶 
RNA：Ribonucleic acid，核糖核酸 































其命名为非甲非乙型肝炎（enterically transmitted non-A non-B hepatitis，ET-




性肝炎症状。1990 年，Reyes[5]成功地从被 ET-NANBH 患者粪便样本中的病毒
感染了的非人灵长类动物胆汁样品内分离到该病原体，并获得了其基因组克隆
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